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Abstract.
 
—The “Incubatory Reserves Constancy” hypothesis asserts that incubation could be a departure from
breeding stress that allows for the maintenance or recovery of body reserves after laying effort (females) or territory
defense (males) in those species with bi-parental incubation such as gulls. The plasma composition and body mass
of incubating Yellow-legged Gulls (
 
Larus cachinnans
 
) were analyzed and related to the number of days after egg-lay-
ing. Female gulls showed an increase in uric acid and cholesterol levels, whereas males showed only an increase in
uric acid values throughout this period. Moreover, females increased while males maintained their body masses.
These results could reflect a recovery process after the laying effort supporting the Incubatory Reserves Constancy
hypothesis in females. Uric acid and urea levels are positively correlated to body condition in Yellow-legged Gulls,
which could be the result of a change in diet composition. This disagrees with recent findings on body composition
in incubating gulls and could be related to variations in food availability among populations or years, and could
reflect flexibility in the investment devoted by each sex. 
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Reproduction requires a high energetic
expenditure in birds (Drent and Daan 1980;
Blem 1990). The breeding effort commonly
results in a decrease of lipid and protein re-
serves (e.g., Ankney and MacInnes 1978;
Alisauskas and Ankney 1994). However, the
incubation period could be an exception to
this general pattern in those species with bi-
parental care, since the energy expenditure
would be distributed between both sexes
(Moreno 1989). Thus two opposing hypothe-
ses may be proposed for changes in the ener-
gy reserves during incubation: the “Stress
Hypothesis” would predict a pattern of gradu-
al loss of reserves, because energetic costs are
accumulated throughout the breeding season
(Monaghan 
 
et al.
 
 1989; Wendeln and Becker
1996), whereas “Incubatory Reserves Con-
stancy Hypothesis” would suggest that the in-
cubation period may be a departure from
breeding stress that allows for the mainte-
nance or recovery of body reserves (see Hous-
ton
 
 et al.
 
 1983; Hario
 
 et al.
 
 1991; also suggested
by Moreno [1989] for total body mass).
Gulls are monogamous species with bi-pa-
rental incubation (Cramp and Simmons
1983) and both sexes incubate for a similar
proportion of time (Drent 1970; Burger
1987; Alonso-Alvarez 2001; but see Butler and
Janes-Butler 1983). Hario 
 
et al.
 
 (1991) and
Mawhinney
 
 et al. 
 
(1999) analyzed body com-
position of Herring Gulls
 
 
 
(
 
Larus argentatus
 
)
and Great Black-backed Gulls (
 
Larus mari-
nus
 
) respectively, which were culled through-
out the breeding season by governmental
agencies to control their numbers. Hario 
 
et al.
 
(1991) found that both sexes gained mass
and fat during incubation, whereas protein
reserves remained stable. In contrast,
Mawhinney 
 
et al.
 
 (1999) found that mass and
lipid content decreased and protein in-
creased in females, while mass and protein re-
mained stable and fat increased in males.
Therefore, the results of these studies suggest
different energy expenditure for each sex.
In the present study, we analyzed four
plasma biochemical parameters (uric acid,
urea, triglycerides and cholesterol) and body
mass in incubating Yellow-legged Gulls
(
 
Larus cachinnans
 
) to determine changes in
reserves of living individuals, thus trying to
avoid sacrifice of birds. Plasma levels of uric
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acid and urea reflect mobilization of protein
reserves during food-shortage periods in
birds (Cherel and Le Maho 1985; Boismenu
 
et al.
 
 1992; Alonso-Alvarez and Ferrer 2001).
Plasma triglycerides value is related to body
fat content (Bacon
 
 et al.
 
 1989; Dabbert
 
 et al.
 
1997) and cholesterol level is a good indi-
cator of body-mass loss from an individual’s
optimum in captive Yellow-legged Gulls
(Alonso-Alvarez 
 
et al.
 
 2002). However, few
studies have analyzed changes in plasma
chemistry throughout reproduction in free-
living birds (Fairbrother 
 
et al.
 
 1990; Cantos
 
et al.
 
 1994; Hollmén 
 
et al.
 
 2001). Moreover, as
far as we know, the plasma chemistry of
breeder individuals has not been previously
analyzed in any gull species.
The objectives of the present study were:
(1) to determine whether the incubation pe-
riod represents maintenance or recovery af-
ter the pre-laying effort in Yellow-legged
Gull, as the Incubatory Reserves Constancy
Hypothesis suggests, (2) to evaluate be-
tween-sexes differences in the patterns of
change in body mass and plasma chemistry,
and whether they are consistent with the re-
sults provided by Hario 
 
et al.
 
 (1991) or
Mawhinney 
 
et al.
 
 (1999), and finally, (3) to
report gulls’ plasma biochemistry during the
breeding period.
 
M
 
ETHODS
 
The study was carried out on the Cíes Islands
(42
 
°
 
15’04’’N, 8
 
°
 
 53’30’’W), which are located in the out-
er area of the Ría de Vigo (Spain) and are the breeding
grounds for over 22,000 pairs of Yellow-legged Gulls.
Birds were captured using nest-traps (Weaver and Ka-
dlec 1970) during the incubation period (May 1998).
We trapped 33 males and 43 females throughout the 27-
31-d incubation period (Cramp and Simmons 1983).
The beginning of incubation (following completion of
clutch) was determined by visiting the colony every two
d. In the last 10 d of incubation, 13 females and four
males that had been trapped on the first 10 d were re-
captured.
We weighed the birds with a spring balance to the
nearest 5 g (Pesola). Two milliliters of blood were taken
from each bird with a heparinized syringe from the bra-
chial vein. Blood samples were collected between 11.00
h and 18.00 h to minimize variations caused by circadian
rhythms (see Ferrer 1990). The blood was placed in
tubes containing lithium heparin, which were kept on
ice in cool containers (4
 
°
 
C) for a maximum period of
eight h. Then, samples were centrifuged at 3,000 rpm
for 10 min and plasma stored at -60
 
°
 
C until analysis.
Biochemical analyses were performed on a spectro-
photometer (Hitachi-U2000, Tokyo, Japan). The deter-
minations were made in duplicate on each plasma
sample following the methods and authors indicated in
parentheses: uric acid (uricase method; Fossati 
 
et al.
 
1980), urea (urease method; Munan 
 
et al.
 
 1978), triglyc-
erides (peroxidase-coupled method; McGowan 
 
et al.
 
1983), and cholesterol (cholesterol esterase method; Al-
lain 
 
et al.
 
 1974). These parameters were analyzed using
commercial reagents (Sigma-Aldrich Company, MO,
USA). All samples were assayed in the same series. Uric
acid: intra-assay CV = 1.9%, accuracy: 
 
±
 
 0.012 mmol/L.
Urea: intra-assay Coefficient of Variation (CV) = 1.54%,
accuracy: 
 
±
 
 0.33 mmol/L. Triglycerides: intra-assay CV =
1.5%; accuracy: 
 
±
 
 0.05 mmol/L. Cholesterol: intra-assay
CV = 0.95%, accuracy: 
 
±
 
 0.08 mmol/L.
Data were tested for normality using the Shapiro-
Wilk test. We used parametric tests because all variables
were normally distributed. We tested between-sexes dif-
ferences during first and last ten d of incubation by Stu-
dent’s t-test. Changes in plasma levels in the same
individual between the first and the second sampling
were tested by paired 
 
t-
 
tests. Data of recaptured males
were not used due to the small sample size. Relation-
ships among variables were analyzed by Pearson correla-
tion coefficients. In order to avoid pseudo-replication,
recaptured males and females were not included in
Pearson’s correlations. An index
 
 
 
of body condition
(body mass corrected for size) was obtained as the resid-
uals of the linear regression of body mass on cubed tar-
sus length of birds (males: R
 
2 
 
= 0.18, F 
 
1,31
 
 = 6.74, P < 0.01;
females: R
 
2 
 
= 0.35, F 
 
1,41
 
 = 22.08, P < 0.001).
 
R
 
ESULTS
 
Female gulls showed lower urea and cho-
lesterol concentrations than males during
the first ten days of incubation (Table 1).
There were no between-sexes differences in
plasma levels during the middle ten days or
during the last ten days of incubation (Table
1). Plasma concentration of uric acid in
males (t
 
21
 
 = 2.42, P < 0.05) and uric acid and
cholesterol in females (t
 
22
 
 = 3.13, P < 0.01; t
 
22
 
= 2.93, P < 0.01; respectively) showed signifi-
cant increase between the first and the last
10-d periods (see Table 1). Moreover, the 13
females recaptured in the last days of incuba-
tion showed a significant increase in uric ac-
id and cholesterol values (Table 2). Plasma
variables and body condition index were not
correlated with the laying date (n.s. in all cas-
es and in both sexes).
In males, only uric acid showed a signifi-
cant correlation with the number of days
spent in incubation before blood extraction
(Table 3). In females, uric acid, urea, choles-
terol and body condition index were posi-
tively correlated with the day of incubation
(Table 3). In addition, body mass was posi-
tively correlated with the day of incubation
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in females (r
 
41
 
 = 0.33, P < 0.05), but not in
males (r
 
31
 
 = 0.01, n.s.). Finally, body condi-
tion index was positively correlated with uric
acid (r
 
41
 
 = 0.54, P < 0.001) and urea (r
 
41
 
 =
0.37, P < 0.05) in females, and with uric acid
in males (r
 
31
 
 = 0.43, P < 0.05).
D
 
ISCUSSION
 
Breeding produces marked changes in
the body mass of gulls (Coulson 
 
et al.
 
 1983)
and, as shown here, also in plasma composi-
tion during incubation. Body condition index,
body mass and plasma biochemistry of Yel-
low-legged Gulls did not indicate a decrease
in body reserves throughout this period.
Hence, these results suggest that the “Stress
Hypothesis” may be rejected in this species.
Nor do our findings support another hy-
pothesis proposed to explain mass decrease
during breeding, which is known as the “Pro-
grammed Anorexia Hypothesis” (Norberg
1981; Gaston and Jones 1989). It suggests that
lipid storage levels may be minimized to main-
tain a low wing loading, thus increasing the
flight efficiency. This would be an adaptive
trait in seabirds since improves the foraging
efficiency during the chick rearing period
(i.e., Gaston and Jones 1989; Croll 
 
et al.
 
 1991).
However, the results found in the present
study may support the “Incubatory Reserves
Constancy” hypothesis. Furthermore, male
and female gulls differed in their patterns,
such as Mawhinney 
 
et al.
 
 (1999) found. We
detected an increase in body mass in females,
but not in males during incubation. This
might be related to between-sexes differenc-
es in energy expenditure before incubation,
thus females recovering their previous state.
In fact, females invest in egg production,
which appreciably increases their energetic
requirements. Unfortunately, we could not
trap birds in the colony during the pre-laying
period to test a recovery pattern. However,
there were significant between-sexes differ-
ences in plasma composition during the first
incubation days (see Table 1).
Plasma urea and uric acid are waste prod-
ucts of protein catabolism (Griminger and
Scanes 1986). In birds, high levels have been
associated with starvation and body massTa
bl
e 
1.
 C
on
ce
nt
ra
tio
ns
 o
f 
fo
ur
 p
la
sm
a 
ch
em
ic
al
s 
in
 th
e 
Y
el
lo
w
-le
gg
ed
 G
ul
l d
ur
in
g 
th
e 
fi
rs
t a
nd
 la
st
 d
ay
s 
of
 in
cu
ba
tio
n 
pe
ri
od
. V
al
ue
s 
ar
e 
in
 m
m
ol
/L
 a
nd
 a
re
 g
iv
en
 a
s 
th
e 
m
ea
n 
± 
1 
SE
.
Pa
ra
m
et
er
Fi
rs
t 1
0 
da
ys
a
M
id
dl
e 
10
 d
ay
sb
L
as
t 1
0 
da
ys
c
M
al
es
Fe
m
al
es
t 2
4
P
M
al
es
Fe
m
al
es
t 2
7
P
M
al
es
Fe
m
al
es
t 1
9
P
U
ri
c 
ac
id
0.
46
 ±
 0
.0
5
0.
57
 ±
 0
.1
0
1.
09
n
.s
.
0.
65
 ±
 0
.1
0.
63
 ±
 0
.1
1
0.
12
n
.s
.
0.
93
 ±
 0
.1
8
1.
26
 ±
 0
.2
6
1.
10
n
.s
.
U
re
a
1.
01
 ±
 0
.1
3
0.
57
 ±
 0
.1
2
2.
55
<0
.0
5
0.
98
 ±
 0
.0
9
0.
82
 ±
 0
.0
8
1.
25
n
.s
.
0.
94
 ±
 0
.1
6
0.
95
 ±
 0
.1
7
0.
06
n
.s
.
Tr
ig
ly
ce
ri
de
s
1.
06
 ±
 0
.1
7
1.
31
 ±
 0
.1
1
1.
26
n
.s
.
0.
92
 ±
 0
.0
9
1.
40
 ±
 0
.2
1.
73
n
.s
.
1.
41
 ±
 0
.7
3
1.
88
 ±
 0
.4
0
1.
82
n
.s
.
C
h
ol
es
te
ro
l
7.
35
 ±
 0
.3
2
5.
82
 ±
 0
.4
0
2.
81
<0
.0
1
7.
24
 ±
 0
.4
2
6.
94
 ±
 0
.3
2
0.
57
n
.s
.
7.
82
 ±
 0
.3
5
7.
60
 ±
 0
.4
0
0.
41
n
.s
.
St
ud
en
t’s
 t-
te
st
 fo
r 
in
de
pe
n
de
n
t s
am
pl
es
.
a 1
1 
m
al
es
 a
n
d 
15
 fe
m
al
es
.
b 1
0 
m
al
es
 a
n
d 
19
 fe
m
al
es
.
c 1
2 
m
al
es
 a
n
d 
9 
fe
m
al
es
.
256 WATERBIRDS
loss, because muscular protein is used as en-
ergy source during the last phase of fasting
(Cherel and Le Maho 1985; Boismenu et al.
1992; Castellini and Rea 1992). In the same
way, plasma urea has been used as a nutri-
tional condition index (Ferrer 1992, 1993).
The protein is a limiting factor during albu-
men production among bird species (Will-
iams 1996; Ramsay and Houston 1997),
including gulls (Herring Gull; Houston et al.
1983). As female gulls differentially suffered
the costs of egg production, we should expect
high nitrogen values at the start of incuba-
tion, decreasing throughout this period. Sur-
prisingly, we found the opposite.
In a recent study, Hollmén et al. (2001)
found an increase of uric acid plasma levels
in female Common Eiders (Somateria mollissi-
ma) during incubation. The Common Eider
has uni-parental incubation. Female Eiders
rarely leave their nest to feed during this pe-
riod (26 d), relying energetically on their
body reserves to lost approximately 30% of
their body masses (Parker and Holm 1990).
Hollmén et al. (2001) related the uric acid
increase to mobilization of protein reserves
and body-mass loss. However, our results sug-
gest that in other circumstances this relation-
ship may be reversed. Both urea and uric
acid were positively correlated with body
mass corrected for body size in Yellow-legged
Gull. Hence, such relationships must be
carefully considered. A possible explanation
might derive from changes in diet.
A rise in the proportion of protein in the
diet increased the plasma level of these nitro-
gen metabolites in chickens and pigeons
(Okumura and Tasaki 1969; Featherston
1969; Lumeij and Bruijne 1985). Therefore,
our results relate to diet differences, allowing
female gulls to increase their protein re-
serves. The studied birds often fed on refuse
tips (rubbish present in the 40% of pellets
[Munilla 1997a]), and showed marked mod-
ifications in diet throughout the breeding
period, as the occurrence of crabs in regurgi-
tations increases significantly during incuba-
tion (Munilla 1997b). An increase in the
proportion of crustaceans has also found in
the diet of Kelp Gulls (Larus dominicanus) in
the same period (Bertellotti and Yorio 1999).
On the other hand, triglyceride values did
not change during incubation in either sex,
indicating stable lipid reserves, since the
amount of body fat is positively correlated
with plasma triglycerides values (Bacon et al.
1989; Dabbert et al. 1997). Furthermore, cho-
lesterol is lower in females during the first
ten days, increasing during the rest of incu-
bation period. In Yellow-legged Gulls, the
plasma concentration of this lipid is negative-
ly correlated with the individual proportion
of body-mass loss, thus providing a reliable
index of the body condition (Alonso-Alvarez
et al. 2002). Incubating gulls with high choles-
terol levels would be relatively heavy birds.
Table 2. Values of four plasma chemicals (mmol/L) and body mass (g) of 13 female Yellow-legged Gulls captured
in the first and last ten days of incubation. Values are given as mean ± 1 SE.
First 10 days Last 10 days Change t12 P
Uric acid 0.44 ± 0.07 0.68 ± 0.09 0.24 ± 0.11 2.15 <0.05
Urea 0.63 ± 0.09 0.89 ± 0.13 0.26 ± 0.14 1.86 n.s.
Triglycerides 1.25 ± 0.13 1.16 ± 0.14 -0.09 ± 0.12 0.74 n.s.
Cholesterol 6.35 ± 0.49 7.69 ± 0.27 1.34 ± 0.55 2.44 <0.05
Body mass 775 ± 18.9 784 ± 20.8 9.17 ± 23.08 0.40 n.s.
Student’s t-paired test.
Table 3. Pearson correlation between the day of incuba-
tion and four plasma parameters and residuals of body
mass on body size (body condition).
Parameter
Malesa Femalesb
r31 P r41 P
Uric acid 0.341 <0.05 0.538 <0.001
Urea -0.061 n.s. 0.322 <0.05
Triglycerides 0.238 n.s. 0.228 n.s.
Cholesterol 0.229 n.s. 0.399 <0.01
Body condition 0.099 n.s. 0.389 <0.05
aN = 33.
bN = 43.
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The cholesterol increase bears out the pres-
ence of a recovery pattern in female birds.
In summary, the present results support
the hypothesis that body mass and reserves
maintain or recover their levels during incu-
bation in those species with bi-parental care.
However, whereas females increased body
mass, and probably changed diet composi-
tion in order to recuperate the protein ex-
penditure during laying effort, males
maintained body mass, lipids and protein
metabolites throughout incubation. These
results are not consistent with the results of
Hario et al. (1991) on Herring Gulls or
Mawhinney et al. (1999) on Great Black-
backed Gulls. The differences between the
two studies were explained by differences in
the energy expenditure of the sexes during
incubation (Mawhinney et al. 1999). Female
Great Black-backed Gulls spent more time
on the nest than males, thus reducing her
feeding time (Butler and Janes-Butler 1983).
Alternatively, the disagreement between
Hario et al. (1991), Mawhinney et al. (1999)
and the present paper might be related to
differences in food availability (Kitaysky et al.
1999). Differences in food abundance pro-
duced a readjustment of each sex role dur-
ing incubation in Western Gulls (Larus
occidentalis; Pierotti 1981). The plasma chem-
istry during the incubation period should be
analyzed under different food-availability sit-
uations, which could be easily manipulated
by means of an artificial food supply. More-
over, the relationship between food compo-
sition and plasma biochemistry in wild birds
should be examined.
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